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Abstract—A dual-cap mushroom-like metasurface (MS) is 
proposed. The proposed MS is called dual-cap mushroom-like 
MS because each unit cell has a simple patch with a centered via 
on one side of the substrate and a meandered slot on the other 
side, while conventional mushroom-like MS has one side of the 
substrate being a plain conducting plate. The operating 
frequency and bandwidth of the unit cells are analyzed using an 
equivalent circuit which is verified using the software tools 
Advanced Design System (ADS) and CST. Results show that the 
meander slot on the other side of the substrate introduces 
inductive effects to lower down the operating frequency and 
increase the operating bandwidth of the unit cells. Comparison is 
made with other unit cells. The proposed MS is then used as a 
reflector in the design of a planar circular-polarization 
reconfiguration (CPR) monopole antenna for the Global 
Navigation Satellite System (GNSS). Simulation results show 
that, by placing at only 0.09λ0 from the antenna, the MS can 
increase the boresight gain and the operating bandwidth from 0.4 
to 6.6 dBi, and 1.46-1.79 GHz to 1.42-1.88 GHz, respectively. 
 
Index Terms—Metasurface, circular polarization, 
reconfigurable, monopole antenna, biasing circuit.  
 
I. INTRODUCTION 
ETASURFACE (MS) is a two-dimensional equivalent 
metamaterial and can be implemented using small unit 
cells [1]. With the succinct planar structure, MS can be used in 
the design of planar antennas with improved performances. 
example, in [2, 3], a MS was placed in front of a 
patch/slot/monopole antenna to improve the boresight gain or 
convert linear polarization (LP) to circular polarization (CP). 
[4-12], a MS was placed at the back of a patch/monopole 
antenna to enhance the boresight gain. At low operating 
frequencies such as 1.58 GHz for the Global Navigation 
Satellite System (GNSS), the required size of the unit cell in 
[4-8] would be very large. To reduce the required size, unit 
with different shapes such as uniplanar compact photonic 
bandgap (UC-PBG) lattice [9], waffle-like [10], square loop 
[11] and Minkowski fractal mushroom-like [12] were 
proposed. All these unit cells [4-12] had the same problem of 
narrow operating bandwidths. Designing a small unit cell for 
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low frequency operation is one of the objectives of our studies 
here. 
 
CP reconfigurable (CPR) antenna can be switched between 
right- and left-handed CP (RHCP and LHCP) and finds many 
applications such as synthetic-aperture-radar, multiple-input–
multiple-output (MIMO) systems and frequency reuses [13]. 
Usually, CPR antennas are designed using patch antennas or 
slot antennas with PIN diodes as switches [14-27]. For CPR 
patch antennas, the reconfigurability between RHCP and 
LHCP is normally achieved using four methods, reconfiguring 
the radiating-patch shapes using PIN-diode switches [14-16], 
etching slots with PIN-diode switches on the patch radiators 
[17, 18], placing PIN-diode switches on ground-plane slots 
[19, 20], and designing reconfigurable microstrip feeding 
networks using PIN-diode switches [21, 22]. When using PIN 
diodes as switches in CPR antennas, the DC basing circuits 
have to be carefully designed in order not to affect the antenna 
performances. Thus in [16], the PIN diodes were biased using 
a bias-T to avoid the effects of the DC circuit on the antenna 
RF performance. In [19, 20], the DC circuits were all placed 
on the ground planes to reduce the effects on the antenna 
performances. For CPR slot antennas, the CP reconfigurability 
is usually achieved using three methods, i.e., changing the 
shapes of the radiating slots using PIN-diode switches [23, 
24], reconfiguring the feeding networks of the radiating slot 
using PIN-diode switches [25, 26], and switching ON/OFF the 
right/left T-shaped microstrips protruding from the ground 
plane using PIN-diode switches [27]. The biasing circuits for 
the slot antennas in [23-27] were placed on the ground plane 
and so had little effects on the antenna performances. 
Recently, it was also proposed to use MS with a slot antenna 
to design a CP antenna [28]. 
Compared with patch and slot antennas which require an 
electrical length of g/2, monopole antenna requires a shorter 
electrical length of g/4 (where g is the guided wavelength at 
the center frequency) and has wider bandwidth. Thus a CPR 
monopole antenna was proposed in [29] which had a smaller 
size and wider axial-ratio bandwidth (ARBW, AR < 3 dB) 
than all the designs in [14-28].  However, it had a very low 
realized boresight gain of about 0 dBi and a complicated 
switchable feeding network. Simplification of this CPR 
antenna is another objective of our studies. 
In this paper, a dual-cap mushroom-like MS is proposed 
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